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Abstract Microsporogenesis and pollen ontogeny in Cycas elongata] Leandril] D. Y. Wang were 
studied to amass additional information on the reproductive biology of cycads and to provide some da- 
ta for further studies on the factors causing the endangerment of this species. This species tends to 
initiate the male cones in middle or late May. The microsporophylls bear their microsporangia on the 
abaxial surface[] and 3 – 5 microsporangia seem to be arranged radially into a sorus with a stalk. The 
microsporangium wall comprises one epidermis[] four to five middle layers[] and a tapetum. The 
tapetum may be derived from the outer layer of mature sporogenous tissue and conforms to secretory 
type. In the middle of June the microspore mother cells are produced and immediately enter into 
meiosis. The cytokinesis in the later stage of meiosis is both simultaneous and successive[] a phe- 
nomenon observed even in the same microsporophyll. Following meiosis[] the nuclei of microspore 
mother cells divide into four to form tetrahedral] isobilateral[] tetragonal and occasionally linear te- 
trads in late June. Subsequently the microspores are released from tetrads. With the development of 
pollen[] the microspores then undergo two asymmetric mitosis to form mature pollen consisting of 
three cells[] i. e.[] a tube cell[] a generative cell and a prothallial cell. Pollen further develops and is 
dispersed through the dehiscence of the sporangium in late July. In addition[] both starch grains and 
callose have a regular dynamic distribution during the course of microsporogenesis and pollen ontoge- 
ny. The phenomenon that the cytokinesis at the later stage of meiosis in microsporogenesis is both si- 
multaneous and successive has not been previously reported in any other cycads[] even in other gym- 
nosperms|] and thus may have systematic significance and developmental implications. 

Key words Cycas elongata |] microsporogenesis[] pollen ontogeny[] callose[] starch grain. 
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Figs. 1 – 16. LM photographs of microsporogenesis and pollen ontogeny in Cycas elongata. 1. The synangial] showing a 
synangium consisting of four microsporangid] Ф 0. 2. The secondary sporogenous cells originated by division of the primary sporoge- 
nous се ЖП. 3. Transverse section of the microsporangium[] showing epidermis[] middle layers[] tapetum and the sporogenous tis- 
sue and degenerated sporogenous cell{] 40. 4. The separated microspore mother cell{] MMC] in meiosi$] ЖП. 5. The tapetal cells 
flattened] ЖП. 6. Free MMC] AD. 7. The telophase of meiosis [] ^ 0. 8. The telophase of meiosis П in MMC] ^ [ and the 
tapetal cells consisting of two nuclef] Ф0. 9. Tetrahedral[] isobilateral[] tetragonal and linear tetrads were observed] ^[]. 10. Young 
microspores just released from tetrad{] ^ 0. 11. Microsporangium wall at the stage of Fig. 100 showing the disorganized tapetum 
O ЖП]. 12. Uninucleate microspores with large vacuolé] ^ О and the trace of tapetuni] t []. 13. The microspores became rounded off 
before the first mitosis. 14. The first mitosis of uninucleate microsporé] А0. 15. Mature pollen consisting of three се! ^0. 16. 
Structure of the poller[ ] ^ [] and the sporangium wall] Al] before dispersal of pollen. 
Ep[] epidermis[] М] middle layer{] ST[] sporogenous tissuel] Sy(] synangium[] ТО tapetum. 
Scale bar = 20 um in Figs. 2 – 16 and 400 um in Fig. 1. 
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Figs. 17-25. Fluorescent images were taken with exciter infrared[] showing the dynamic distribution of the starch grains during mi- 
crosporogenesis and pollen development in Cycas elongata . 17. Few starch grain$] arrowheads[] were observed in the microspore moth- 








er сећ | MMC] connecting each other. 18. Aggregations of starch graind] arrowhead[] in one side of MMC. 19. During meiosis 10 
starch graind] arrowhead[] were more or less evenly distributed around the nucleus of MMC. 20. At the telophase of meiosis I] almost 
all of the starch grains were distributed on the equatorial plat] arrowheads[]. 21. No starch grains were observed in MMC at the tetrad 
stage and callose wall had been formed] arrowhead[]. 22. Before the first mitosis[] the uninucleate microspores were beginning to store 
up starch grain$] arrowheads[]. 23. After the formation of prothallial се more starch grains were evenly distributed in the meristem- 
atic initiald] arrowhead[] than those in prothallial cell. 24. After the second mitosis[] pollen accumulated starch grains in the tube 
cell’ s side adjoined to generative cell. 25. In the course of dispersal of pollen[] there was only a little pollen containing starch grains 
in the center of microsporangium cavity. Figs. 26 — 31. Fluorescent images of microsporocytes stained with DAPI and aniline blue[] 
showing regular deposition of the callose and cytokinesis of MMC. 26. The MMC at the early stage of meiosis[] the callosd] arrow- 
heads[] accumulated on the wall of the MMC on the equatorial plate. Figs. 27 and 28 show successive cytokinesis. 27. First meiotic 
division resulted in the formation of a dyad. Note the wall between the two cells of a dyad] arrowhead[]. 28. At the telophase of meio- 
sis ПО the wall] arrowhead[] was formed in MMC again. Figs. 29 and 30 show simultaneous microsporogenesis. 29. Meiosis I of the 
MMC with simultaneous cytokinesis. 30. At the stage of anaphase of meiosis ПО no partition was observed in ММФ] arrowheads[]. 31. 
Tetrad$] arrowheadl]. 

СП саПоѕе ССП generative cell] МІП meristematic initial[] Mi[] uninucleate microspore NL] nucleus[] РО mature pollen[] PC] prothal- 
lial cell[] STO sporogenous tissue] ТСО tube cell[] Tel] tetrad. 

Scale bar = 20 pm. 
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Table 1 Dates for the microsporogenesis and pollen development of Cycas elongata 












































0000000 0000000 Development of microsporangium wall 
1 2 Developmental stage 
bi of microspore 00 00000 
Epidermal cells Middle layer cells Tapetal cells 
20030 60 60 0000000 unum 000000 
Jun. 60 2003 formation of primary nearly squarel] tangential- fusiform or polygonal 
sporogenous cell ly elongated 
20030 60 100 00000000 ППППШПППП 000 
Jun. 100 2003 formation of secondary radially elongated[] verti- fusiform 
sporogenous tissue cal wall thickened 
20030 60 160 00000000 000000 00m000 
Jun. 160 2003 formation of innermost layer begin-  flattenedl] elongated 
microsporocytes ning to degenerate uninucleate 
20030 60 220 0000 100 000000000 1-2000 ППШП 
Jun. 22[] 2003 telophase of meiosis I radially elongated[] inner 1 – 2 layers de- — flattened[] binucleate 
becoming lignified generated 
20030 60 240 00000 000000 0 1-20 0000 0000 
Jun. 240 2003 formation of further lignified inner | – 2 layers total- beginning to disor- 
tetrads ly degenerated ganize 
20030 60 260 00000 00000 000000002 0000 
Jun. 260 2003 disorganization of highly lignified -30 totally disorganized 
tetrads further degenerated] 
outer 2 — 3 layers re- 
mained 
20030 60 290 00000000 00000 0000 
Jun. 290 2003 uninucleate further degenerated only trace remained 
microspores 
with large vacuole 
20030 70 120 0000 
Jul. 120 2003 two-celled pollen becoming a lamella totally degenerated 
20030 70 140 000000 00 
Jul. 140 2003 mature pollen with disappeared 
three cells 
20030 70 280 0000 0000 
Jul. 280 2003 dispersal of pollen dehiscence of annulus trace remained 
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